The measurement ofsomatic neuropathy The degree of peripheral, somatic neuropathy was studied by examination of ankle jerks, pin prick and vibration sense, Neuropathy was graded by assigning a score to each of these signs: Ankle jerks: normal = 0, reduced = 1, absent = 2. Sensation to pin prick: normal = 0, reduced on feet = 1, reduced above ankles = 2. Vibration appreciation: normal = 0, absent on toes = 1, absent at malleoli = 2. The cumulative score for the three signs gave a neuropathy grading of 0-6 for each patient. In all patients the ankle pulses were present.
It is clearly established that patients with diabetic diffuse distal peripheral neuropathy are at risk of developing pedal ulceration, particularly on the sole.1 2 Many factors are involved in the formation of these ulcers,3 the one essential being impaired pain sensation, with the other components of the somatic neuropathy also playing an important role.4 It is also well established that autonomic neuropathy is common in diabetes. Its role in disturbances of many body systems (for example cardiovascular, 5 -7 gastrointestinal,8 9 genitourinary,9 " and thermoregulatory" 12 is increasingly being recognised. However, the extent to which it may contribute to ulceration of the foot is not clearly defined.
The present study was designed to throw further light on the role of autonomic neuropathy in the causation of foot ulceration, by performing a battery of five tests of autonomic function and simple clinical measurements of the degree of sensory neuropathy in groups of patients with and without neuropathy, and/or neuropathic ulcer. The measurement ofsomatic neuropathy The degree of peripheral, somatic neuropathy was studied by examination of ankle jerks, pin prick and vibration sense, Neuropathy was graded by assigning a score to each of these signs: Ankle jerks: normal = 0, reduced = 1, absent = 2. Sensation to pin prick: normal = 0, reduced on feet = 1, reduced above ankles = 2. Vibration appreciation: normal = 0, absent on toes = 1, absent at malleoli = 2. The cumulative score for the three signs gave a neuropathy grading of 0-6 for each patient. In all patients the ankle pulses were present.
A control group of 30 volunteers from the hospital staff or surgical inpatients were also studied, each of whom had normal ankle pulses, ankle tendon reflexes and sensation to pin prick and vibration.
The measurement of autonomic neuropathy Three tests of cardiac parasympathetic activity were performed (a) Heart rate response to Valsalva manoeuvre (VR) (b) Beat to beat variation during deep breathing (I-E rate) (c) Heart rate response to standing (30/15 ratio).
Two tests reflecting sympathetic activity were performed (a) Blood pressure rise in response to sustained handgrip (Grip) (b) Blood pressure fall in response to standing (BP stand). An abnormal response to either of these tests indi-1002 The role of autonomic neuropathy in diabetic foot ulceration Table 1 summarises the particulars of the patients in the four groups studied. The results of the five autonomic function tests are shown in the figure and summarised in Table 2 . There was no significant difference in the age distribution of the four groups. The duration of diabetes in the patients without neuropathy was significantly shorter than in the other two diabetic groups but there was no difference between the neuropathy (DMN) and the ulcer (DMU) group.
In the control group there was a significant negative correlation of age with the Valsalva ratio and the 30/15 ratio (p < 005), and with the blood pressure rise with sustained handgrip (p < 0-01), but no correlation was found with the other two autonomic tests. In the neuropathic group (DMN) there was a significant negative correlation of age with the VR (p < 0-05) but no correlation was found with any of the other four tests. In both diabetics without neuropathy (DM) and those with ulcers (DMU) no correlation was found with age in any of the five autonomic tests.
There was no correlation between the duration of diabetes and any of the five tests in any of the three diabetic groups, nor when the three groups were considered together.
The mean and standard deviation of the Valsalva ratio for the controls was 1 73 + 0-28. There was a significant decrease in the VR between the controls and the diabetics without neuropathy (p < 005); between the latter and those with neuropathy (p < 0 001); and between these latter and those with ulcers (p < 0001).
The mean and standard deviation of the I-E rate for the controls was 22 + 7-6 beats per minute. A significant decrease was found between the controls The role of autonomic neuropathy in diabetic foot ulceration and diabetics without neuropathy (p < 0-05), between the latter and those with neuropathy (DMN) (p < 0 01), and between these latter and those with ulcers (p < 0 001). The mean and standard deviation of the 30/15 ratio for the controls was 1 14 + 009. There was a significant decrease in this ratio between the controls and the diabetics without neuropathy (p < 0001); between the latter and those with neuropathy (p < 0-01), and between diabetics with neuropathy and the ulcer group (p < 0 05).
The mean and standard deviation of the blood pressure rise with sustained handgrip was 18-0 + 3-1 mm Hg. There was a significant difference in the rise of blood pressure in the controls compared with the diabetics without neuropathy (p < 0002) and in those with neuropathy compared with the ulcer group (p < 0-002) but not between diabetics with and without neuropathy.
The mean and standard deviation of the blood pressure fall on standing was 2-3 + 4 8 mm Hg. There was a significant difference in the fall in blood pressure with standing between diabetics with and without neuropathy (p < 0-05) but not between controls and diabetics without neuropathy nor between diabetics with neuropathy and those with ulcers. There was, however, a significant difference between those with ulcer and controls (p < 0-001) and those with ulcer and no neuropathy (p < 0 001).
There was no significant difference in sensory impairment between the neuropathy and the ulcer group. The autonomic tests were compared in subjects whose sensory neuropathy was mild (grades 1 and 2) on clinical testing and also in those whose neuropathy was severe (grade 5 and 6). The results are shown in Table 3 . In the patients with mild sensory neuropathy those in the ulcer group showed significantly greater impairment of autonomic function than those with neuropathy but no ulcer (DMN), but in patients with severe sensory neuropathy there was no such difference.
Discussion
These findings confirm the previous studies that diabetics with peripheral somatic neuropathy consistently have evidence of autonomic dysfunction. There was no significant difference in the degree of sensory neuropathy as judged clinically between those with neuropathy and those with ulcers. There was, however, a statistically significant deterioration of parasympathetic function in sequence in all three tests between the four groups from controls to the ulcer group. 
